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Abstract
In view of the feature that fuzzy AHP can well reflect the ambiguity of people’s judgments, this paper proposed the 
evaluation research methods on the emergency of large scale engineering sports events based on the fuzzy AHP. This is based 
on the identification of the sporting events emergency factors, fuzzy matrix structure, events emergency factors sequencing. 
Finally, this method is applied to the emergency assessment of Eleventh National Games, which further illustrates the rationality 
and feasibility of this method on large-scale sports events emergency assessment. 
© 2010 Published by Elsevier Ltd. Selection and peer-review under responsibility of Desheng Dash Wu.
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1. Introduction
The holding of sports events will generate a huge promoting role for a city or a country's development [1]. 
Along with bringing various opportunities, large-scale sports events also imply huge risks, some unexpected 
domestic and international political, economic, social and natural events, etc. may seriously interrupt or hinder the 
normal operation of events, making All efforts of events organizers be in vain, so during the operation of sports 
events, it is very necessary to take emergency management measures, but the important degree ordering of the 
emergency is a very important part in risk management, one of the main tasks of event assessment is to screen the 
main factors with larger effect on the events among multiple emergencies, and analyze the influencing extent to the 
events. At present, most of the native literatures adopt the qualitative research methods to assess and analyze the 
emergency of events [2,3], and considering the quantitative research analyzing methods, carrying out the complete 
research to the sports events emergency assessment combined with quantitative research methods is not popular, in 
the process of the emergency assessment, since the event organizers are lack of necessary data support, and only 
make decision based on their own experience, it affected the decision-making accuracy and effectiveness to some 
extent, thus making the research be lack of the convincing power. Fuzzy Analytic Hierarchy Process, simply 
referred to as FAHP, is a kind of analyzing methods with qualitative and quantitative methods combination, and it is 
a kind of decision tools inducing the fuzzy mathematical ideology into hierarchy analysis methods, while being 
superior to the hierarchy analysis methods. The main advantage is that it better reflects the ambiguity of human 
judgments [4], fuzzy AHP plays an invaluable role [5,6] in solving many aspects of the enterprise related 
comprehensive evaluation, engineering project risk assessment, and many aspects[5,6]. However, its application in the 
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sports management is rare, especially the application in the large-scale sports events emergency management is less. 
The basic process of the fuzzy AHP is: decompose the complex process into each constituent elements, based on the 
relations of domination, group these elements, so as to form an orderly hierarchical structure, on this basis, through 
the comparison between the two items to judge  the relative importance of various elements in each hierarchy, thus 
achieving the weight of various elements in the comprehensive evaluation, and finally carry out the comprehensive 
evaluation based on various elements attaching grade and weight. 
In this paper, the fuzzy AHP will be introduced in the management of large-scale sports events emergency 
management, the large-scale sports events emergency assessment methods was proposed based on the fuzzy AHP, 
through the identification of the sports event emergency identification, hierarchical analysis structure modeling, 
fuzzy judgment matrix structure and sequencing, and other a series of procedures, achieve the important degree 
sequencing of the emergency in the sports events operation process, define the influence degree of various 
emergency on the whole event, and apply this methods into the emergency management of Eleventh National 
Games, and validate the feasibility of this approach in the large-scale sports events emergency assessment.
2. Assessment of Sports Event Emergencies Based on Fuzzy AHP
Fuzzy AHP calculates the combined weight value of each hierarchy constituent elements by defining the 
problems, establishing the gradual hierarchical analysis structure model, constructed fuzzy judgment matrix, the 
leveled single sequencing and leveled overall sequencing, totally five procedures, thus achieving the comprehensive 
assessment value of different possible program. Similarly, we depose the sports event emergency assessment issue 
based on the Fuzzy AHP into the sports events emergency identification, the establishment of sports events 
emergency hierarchical analysis structure model, and the constitution of fuzzy complementary judgment matrix and 
the sequencing of the emergencies factors.
2.1. Identification of Sports Emergencies
Sports events emergency belongs to the uncertainties in the operating process of the sports events, and it can be 
considered as the sports events risk during the operating process of the sports events, therefore, the sports events 
emergency identification makes the classification and finds by layers to the emergency factors affecting the 
realization of the expected target of the sports events based on the sports events risk classification methods. The 
main methods being used in the sports events risk identification are: flow chart method, making of the risk list, risk 
file, Delphi, brainstorming, decomposition analysis, checklist method, scenario analysis method, etc. As the risk 
factors of the large-scale sports events is complex and variable, sometimes, adopting the only method of 
identification is not desirable, we must combine several methods and complement each other. 
The Eleventh National Games of PRC made detailed list on the possible involved unexpected events in this 
National Games and achieved fruitful results [7]. In this paper, the model level analysis was adopted to make post-
emergency evaluation of the National Games events emergency to validate the feasibility of this method in the 
large-scale sports events emergency assessment. 
This paper selected 6 grade one emergencies types and 18 grade two emergencies to make analysis, that is, the 
security protection type emergencies (terrorist attacks, major cases, group events, individual extreme behavior), 
traffic guarantee emergencies (traffic congestion in the venue, traffic congestion leading to the venue), technological 
and communications guarantee type emergencies (command system failure, communication failure, radio 
interference), meteorological guarantee emergencies (natural disasters, sudden weather change), medical and health 
care type emergencies (air-conditioning system contamination, food poisoning, athletes injuries, infectious virus or 
disease), and the news media type emergencies (emergency report, live broadcast interruption, news service working 
errors), totally six aspects. 
2.2. The Model Establishment of Sports Games Emergencies Hierarchical Analysis Structure
The Model Establishment of Sports Games Emergencies Hierarchical Analysis Structure refers that on the basis 
of the above sports emergencies identification, it is supposed to divide the event emergencies into several groups 
according to different properties to form different levels. The same level of elements is taken as the criteria, which 
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plays a dominant role to the next level of elements, while it is dominated by the last layer of elements. In general, 
the highest level is the target level, indicating the target of the emergency factors identification; the middle level is 
the standard level, which determines the guidelines of the emergencies sequencing; the bottom level is the factors 
level of the emergencies, including the emergencies factors to be sequenced. 
In the evaluation system of the large-scale sports events emergencies, the problems to be solved is the 
importance sequencing of each emergency factor, define the influencing degree of each emergency to the whole 
event, and find the key emergency of the whole event. Therefore, when establishing the event emergency 
hierarchical analysis structure model, the importance degree of emergency is taken as the target level. On the 
selection of the principle level, firstly, considering the emergency occurrence is the function of the probability and 
the loss, therefore, the criteria level should include the emergency occurrence probability and emergency occurrence 
loss; secondly, considering some emergencies can avoid the potential risks by prevention, transfer, compensation 
and sharing and other means, while some emergencies cannot be effectively controlled, when unexpected events 
occur, these two kinds of risks will also vary to the complete sports event. Based on the above considerations, the 
criteria level includes the occurrence probability of emergencies, emergencies loss and uncontrollable property of 
the emergencies, totally three aspects [8]. 
In Eleventh National Games emergencies hierarchical analysis structure model, the sub principle level is grade 
one emergency factors affecting the large-scale sports events, which mainly includes the security environment 
protection type, transportation guarantee type, technology and communications security type, weather guarantee 
type, medical health care type and news media risks, totally six key indicators. The last level is the grade two 
emergency factors affecting the large-scale sporting events, that is, each factor of unexpected events. In sequence, it 
is shown D1-D18 from left to right. In this paper, the established Eleventh National Games emergency factor 
hierarchical analysis structure model diagram is as follows:
Emergency important degree A 
Emergency occurrence 
probability B1
Emergency
occurrence loss B2
Emergency uncontrollable 
property B3
Security protection 
type C1
Security guarantee 
type C2
Technology and 
communication
security type C3
Meteorological
guarantee type C4
Medical health 
type C5
The news media 
type C6
Terrorist attacks D1
Major cases D2
Group behavior D3
Individual extreme 
behavior D4
The traffic congestion 
in the venue D5
Traffic jams to the 
venue D6
Command system 
fault D7
Communication
failures D8
Radio interference D9
Natural disaster 
events D10
Sudden weather 
changes D11
Sudden incident 
report D16
Live broadcast 
interruption D17
News service 
working error D18
Air conditioning system 
pollution D12
Food poisoning D13
Injury of the athletes D14
Infectious virus or disease 
D15
Fig.1. The Eleventh National Games Emergency Hierarchical Analysis Structure Model
2.3. The construction of Fuzzy Complementary Judgment Matrix 
After establishing an orderly hierarchical structure model analysis, the upper and lower layers subordinate 
relationship was determined, according to the hierarchical analysis structure models and expert determination 
information, constitute the Fuzzy Complementary Judgment Matrix of each level of elements. Assuming to take the 
last level of element )3,2,1( =iBi as the principle, the dominated next level of element is )6,1( =iCi , the 
purpose is to find the relative importance to the principle )3,2,1( =iBi while endow the weight to the next layer of 
element )6,1( =iCi . In this step, focus on the questionnaire survey to the experts, aim to the 
criteria )3,2,1( =iBi , compare the importance between iC and jC , and the value of the fuzzy complementary 
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judgment matrix shall refer to the fuzzy scale and its meanings table [4], based on the fuzzy scale constitution matrix
ijB , it shall comply with:
njibbbb ijiijiij ,,2,1,,10)3(;5.0)2(;1)1( =<<==+
Thus generating a fuzzy complementary judgment matrix. 
It is noteworthy that since the fuzzy hierarchy analysis itself is a kind of multi-objective decision making 
methods, so there is no clear regulations on the required number of experts, sometimes only a small number of 
experts (3 to 5) can construct the high-precision judgment matrix with strong representative property and the high 
precision property, so when selecting the experts, we must pay attention to the representative property of the experts 
group, it is supposed to manage to select the professional experts and scholars in the sports games risk management. 
In addition, on the application of group decision-making group, there are two kinds of treatment methods to two-two 
judgment matrix of the group, one is to confirm the individual weight  according to the individual judgment matrix 
firstly, and then compose the weight of groups; the other kind is to compose the individual determination matrix, 
and then determine the weight of a group [9]. In this paper, the following cases adopt the matter method.
2.4. Importance sequencing of each emergency 
The level single sequencing refers to that according to the fuzzy complementary judgment matrix, calculate the 
importance sequencing weight related with this level based on the last layer of certain element. The level single 
sequencing can be summarized as calculating the characteristic root and character weights issue. All of the level 
single sequencing result in the same level can calculate all factors importance weights of this level based on the last 
level. The weight vectors calculation adopts the lowest variance method (LVM), by making use of formula 
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the weight iw will have negative or zero value, at this time, it is required to feedback this problem to the experts to 
make another determination. 
The final target of establishing the large-scale sports events emergency hierarchical structural model analysis of 
the ultimate goal is to get the relative weight order of the bottom level of each emergency to the overall goal level, 
that is, the sequencing of the important degree of each emergency factors, thus aiming to the importance of different 
emergency elements, focusing on adopting the emergency control measures. The principle of calculating the 
importance sequencing of each emergency is to use all levels single sequencing result in the same level, calculate all 
factors importance weight of this level aiming to the last level, it is required to make the weight composition from 
the upper layer to the lower layer by order, so as to get the total sequencing of the last level to the highest level. 
3. Case Analysis
Take Eleventh National Games as the example, discuss the feasibility to the large-scale sports events emergency 
assessment. 
3.1.Assessment of the key emergency 
According to the emergency hierarchy analysis structure shown in figure 1, carry out the questionnaire survey to 
5 experts and get each level of fuzzy complementary Judgment matrix, when carrying out the fuzzy judgment matrix 
solution and making the level total sequencing,  use the software Matlab6.5 to process the data, the calculated fuzzy 
judgment matrix and the corresponding weights is shown in Table 1 to Table 3.
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Table 1. A—B Fuzzy judgment matrix and weight
A B1 B2 B3 w
B1 0.5 0.4 0.3 0.2333
B2 0.6 0.5 0.7 0.4333
B3 0.7 0.3 0.5 0.3333
In Table 1., the value of iB to )3,2,1( =iBi is taken as the self to self comparison, the value is taken as 0.5, 
showing the two are equally important; The value of B2 to B3 is 0.7, therefore, the value of B3 to B2 is 1-0.7=0.3, 
showing that B2 is evidently important for B3, the last column is the single sequencing of this level of elements, that 
is, the corresponding weight.Similarly, we can get the other Fuzzy Complementary Judgment Matrix and the 
corresponding weights, just the value and the corresponding weight is different, see table 2 – table 3.
Table 2  The matrix and weight table of the occurrence probability B1 and the emergency factor C 
B1-C C1 C2 C3 C4 C5 C6 w
C1 0.5 0.5 0.6 0.7 0.6 0.7 0.2667
C2 0.5 0.5 0.6 0.7 0.6 0.7 0.2667
C3 0.4 0.4 0.5 0.6 0.4 0.3 0.1000
C4 0.3 0.3 0.4 0.5 0.3 0.4 0.0333
C5 0.4 0.4 0.6 0.7 0.5 0.6 0.2000
C6 0.3 0.3 0.7 0.6 0.4 0.5 0.1333
Table 3 The matrix and weight table of the safe guarantee C1 and grade two emergency factor D 
C1-D D1 D2 D3 D4 w
D1 0.5 0.7 0.6 0.9 0.4250
D2 0.3 0.5 0.4 0.7 0.2250
D3 0.4 0.6 0.5 0.8 0.3250
D4 0.1 0.3 0.2 0.5 0.0250
Similarly, we can individually get the matrix and weight table of the emergency occurrence loss B2, the 
matrix and weight table of non-controllable performance B3 and grade one emergency factor C; transportation 
guarantee emergency C2, technology and communications security emergencies C3, weather guarantee emergency 
C4, medical and health emergency C5, the news media emergency C6 and the fuzzy judgment matrix and weights 
table among grade two emergencies factor D, due to the limited paper space, it was omitted in the text . 
3.2. Importance Emergency Sequencing 
In Figure 1., the single sequencing of principle level B to the target level A is the total sequencing result, see 
table 4 for the importance sequencing of the principle level B, see table 5 for the importance total sequencing of 
grade two unexpected events factor level D. 
Table 4. The Importance Sequencing of Grade One Unexpected Events Factor Level C.
B1 B2 B3 C Level Importance Place
0.2333 0.4333 0.3333 Order
C1 0.2667 0.3833 0.3333 0.3394 1
C2 0.2667 0.1000 0.0333 0.1167 5
421An Junying / Systems Engineering Procedia 4 (2012) 416 – 423Author name / Systems Engineering Procedia 00 (2012) 000–000
C3 0.1000 0.0667 0.0500 0.0689 6
C4 0.0333 0.1667 0.3000 0.1800 2
C5 0.2000 0.1000 0.1167 0.1289 4
C6 0.1333 0.1833 0.1667 0.1661 3
Table 4 composed grade one emergency factor level C importance sequencing according to the principle level 
emergency occurrence probability, loss and unexpected events, three elements in total. From table 4, it can be seen 
that the major unexpected events type of Eleventh National Games is the security protection events, accounting for 
34% of the total risk event, in view of this, the event organizers should make greater efforts on the security 
guarantee to ensure the smooth operation of events; followed by meteorological guarantee events and news media 
type event, both items account for 34.61% of the total risk events, finally, it is the technology and communications 
security emergency, accounting for 6.89% of total risk events. 
Table 5. The Importance Sequencing of Grade Two Unexpected Events Factor Level D
C1 C2 C3 C4 C5 C6 Level D Importance order Place
0.3394 0.1167 0.0689 0.1800 0.1289 0.1661
D1 0.4250 0.1443 1
D2 0.2250 0.0764 4
D3 0.3250 0.1103 3
D4 0.0250 0.0085 17
D5 0.4500 0.0525 10
D6 0.5500 0.0642 7
D7 0.4333 0.0299 13
D8 0.3333 0.0230 14
D9 0.2333 0.0161 16
D10 0.3750 0.0675 6
D11 0.6250 0.1125 2
D12 0.0250 0.0032 18
D13 0.3250 0.0419 11
D14 0.1750 0.0226 15
D15 0.4750 0.0612 8
D16 0.3333 0.0554 9
D17 0.4333 0.0720 5
D18 0.2333 0.0388 12
Table 5 composes the importance sequencing of grade two emergency factor level D based on different 
weights of six types of grade one emergency elements. From table 5, it can be seen that among eighteen factors 
affecting the total risk events of this session of the sports games, there are three kinds whose importance is more 
than 10 percentage, including terrorist attacks, sudden weather changes, and group events, in which the one with the 
greatest impact is terrorist attacks, accounting for 14.43% of total risk events, these three emergency factors account 
for 36.71% of total risk events, if the occurrence of these three kinds of events has larger influence on the normal 
operation of the overall events, event organizers should focus on  these three emergencies. Among the last eight 
emergencies, including air-conditioning system contamination, individual extreme behavior, etc., the importance 
degree of eight types of emergencies is less than 5%, it can be regarded that it does not constitute a serious threat to 
the holding of entire event.
3.3  Emergency Events Grade Classification
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From Table 5,The importance sequencing of grade two emergencies factors, it can be seen that there is the 
difference among 18 types of the unexpected events factors. Now based on the important degree of emergency, 
emergencies of the Eleventh National Games are divided into four levels, see Table 6. 
Table 6. The Eleventh National Games Emergencies Level Classification 
Importance r Grade Emergency
%10≥r Extremely high risk event Terrorist attacks, sudden weather changes, group events 
%10%5 <≤ r High risk event
Major cases, live broadcast interruption, natural disasters, traffic congestion 
leading to the stadium, infectious virus or disease, sudden emergencies report, 
congestion in the venue 
%5%3 <≤ r Middle risk event The food poisoning, the news service work failures 
%3<r Low risk event
Command system failure, communication failure, athletes injury, radio 
interference, the individual extreme behavior, air-conditioning system 
contamination
3.4. Result Analysis
Apply FAHP method to make the emergencies risk assessment of the Eleventh National Games, compare the 
achieved result with the given risk rating grade of the risk assessment results of National Games, discovering the 
risk events grade in the study and the risk report has both the stronger unity and the individual differences, it is 
specifically analyzed as follows: 
Firstly, terrorist attacks, sudden weather changes, group events, major cases, natural disasters, traffic 
congestion leading to the stadium, infectious virus or disease, sudden events report and the traffic congestion in the 
venue display high consistency in the grade assessment of two kinds of risk events, which is involved in the
extremely high risk events or high risk events, all of them are very important to the smooth proceeding of the game 
events, these factors should become the importance of the safe early warning and the prevention. In addition, the 
command system malfunction, communications failure, radio interference, and air conditioning system pollution are 
all attributed to low level risk event, it can be regarded that these four emergencies do not constitute major threat to 
the successful proceeding of event. 
Secondly, food poisoning, athlete injury and individual extreme behavior, these three types of emergency grade 
are all one grade lower than the given grade of National Games risk assessment report. In order to analyze the 
existing reason of the difference, firstly, fuzzy AHP can well reflect the ambiguity of human judgments, follow the 
mathematical logic reasoning process, but to some extent, it will ignore the subtle emotional changes of human 
psychology; secondly, the selection of experts directly affect the final evaluation results, the different experts group 
will have little different results. 
In summary, fuzzy AHP more accurately assessed the emergencies in Eleventh National Games, gave the 
importance sequencing of the unexpected events, the application in the assessment is successful, while the method 
has the feature of simple model establishment and strong adaptability to the factors change, so you can promote the 
fuzzy AHP to other large scale sports events for emergency assessment. 
4．Conclusion
This article introduced fuzzy AHP into the assessment of large-scale sports events emergency, on the basis of 
identifying the event emergencies, establish the sports events emergency hierarchical analysis structure model, use 
the fuzzy complementary judgments matrix to describe the experts judgment information, at the same time, with the 
fuzzy judgment matrix, realized the importance sequencing of the emergencies based on the occurrence probability, 
loss and uncontrollable degree, making the event organizers be able to seize the key, have targeted action in the 
emergency management process to improve the scientific property of the emergency assessment event. In the 
quantification of the sports events emergency by using this method, the sports events risk field experts and scholars 
shall just give two-two comparison judgment information, which is highly operative. Finally, fuzzy AHP method is 
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applied to the Eleventh National Games emergency assessment, thus further illustrating the feasibility and 
applicability of this method in large-scale sporting events emergency assessment. 
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